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The variable chlorophyll fluorescence “Dynamic fluorescence”
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Avoiding the variable chlorophyll fluorescence “Static fluorescence”
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Fluorescence linked to plant constituents
Fluorescence spectral ratios:

Fluorescence excitation ratio (FER),

Simple fluorescence emission ratio (SFR),
Nitrogen balance index (NBI).

UV-induced blue-green fluorescence
(autofluorescence)

Blue-to-red emission ratio (BRR)
UV-induced violet-blue fluorescence (VBF)
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Leaf optical properties in the UV-VIS

vic ‘12

© ZG Cero

In the range 220 - 360 nm
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Chlorophyll fluorescence screening & reabsorption
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The chlorophyll fluorescence excitation ratio (FER)
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The use of chlorophyll fluorescence to estimate
the content of flavonoids in leaf epidermis

A method based on excitation screening by Chiorophyll a & b
flavonols or anthocyanins 1|

Quercitrin Oenin

Two indices: FLAV and ANTH
Log of the chlorophyll fluorescence excitation ratio
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Dualex FLAYV based on ChlF screening method
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Flavonoids are present in the
epidermis. They absorb UV radiation
and screen the mesophyll.

Chlorophyll from the mesophyll emits
near-IR fluorescence measurable on
both sides of the leaf.
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The Dualex measuring principle

Goulas et al., Applied Optics 43, 4488
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FLAYV index: a integrated irradiance meter

Chlorophyll (umol/ mz)

Hesse fo reSt Agati et al. (2011) Environ. Exp. Bot. 73: 3
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FLAYV index: an indicator of susceptibility to diseases
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Latouche et al.(2013) Planta 237: 351
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The Dualex ANTH index
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acc. Goulas et al. (2003) Patent WO03029791
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When anthocyanins are present in
the epidermis they absorb green
light and screen the mesophyill.

Infra-red fluorescence

Photodiode
Chlorophyll from the mesophyll emits

near-IR fluorescence measurable on
both sides of the leaf.
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Chlorophyll fluorescence excitation screening in berries

Agati et al. (2007) JAFC, 55, 1053 Skln (grape berry exocarp):
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Multiplex berry ANTH: a quantitative non-linear response
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signals

Ben Ghozlen et al. (2010) Sensors, 10:10040
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Grape-quality selective harvesting (Tuscany)
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The chlorophyll fluorescence emission ratio (SFR)

The of use chlorophyll fluorescence to estimate
the content of leaf chlorophyll content
A method based on fluorescence reabsorption

Simple fluorescence emission ratio (SFR)
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Chlorophyll estimation from fluorescence reabsorption
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Tractor mounted sensors
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The nitrogen balance index (NBI)

vic ‘15

© ZG Cero

Chlorophyll fluorescence linked to nitrogen nutrition
Based on the chlorophyll/flavonoid ratio (NBI)
Dualex sensor

Based on a combined fluorescence spectral ratio (NBI)
Emission ratio (SFR)/Excitation ratio (FER)
FRF_UV/RF_G (NBI Patent)

Multiplex sensor
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The Chl/Flav ratio: Nitrogen Balance Index (NBI)
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Optical decision support tools

leaf-clip

Dualex:
Chlorophylls
Flavonols

Multiplex:
Chlorophylls
Flavonols
Anthocyanins
(Stilbenes)
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Tractor mounted sensors for fluorescence-based vineyard mapping
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Spatial heterogeneity — Plot Zoning — Five-info maps

NFI (Chl / Flav) = NBI NFI*NBI

Leaf density Chlorophyll Flavonols N Nitrogen (NBI)

-

-

Nitrogen (BINB!)

yield photosynthesis Leaf characteristics nitrogen

spraying sugar disease susceptibility sufficiency uptake
Gap fraction Nitrogen Liaht Nitrogen Total
LAD Surface- Ex c?sure Mass- Nitrogen
LAlsv based P based per vine
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UV-induced blue fluorescence (BGF) (VBF)
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Autofluorescence of hydroxycinnamic acids
Ferulic acid bound to the cell walls (veins)

The blue-to-red emission ratio (BRR & BFRR)

UV-B-induced violet-blue fluorescence (VBF)
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Autofluorescence of wheat leaves under UV-excitation
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Sensing of water stress by the blue-to-far-red emission fluorescence ratio
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UV-induced plant blue-green fluorescence
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Stilbenoid fluorescence

UV-excited
blue-green

Fluorescence
BGF

«C @

UV-exited
violet-blue

Fluorescence
VBF
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Plasmopara viticola the infection agent of downy mildew
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Fluorescence of stilbenoids

Complete analysis of fluorescence:
physico-chemical, microscopic et macroscopic

Bellow et al. (2012) J. Exp. Bot. 63: 3697
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Kinetics of the infection
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Phytoalexins as disease markers

<— Lag phase —>» <— Transient phas¢ —)» —€&——— Visible symptoms phase ———3=
3 days 4 days > Sdays

inoculated

Days 1-3 Days 4-7 Days 8-15

no symptoms necrosis / sporulation necrosis / chlorosis / oily spots

Grapevine Peanut Sunflower
stilbenoids stilbenoids coumarins

Other crops Phytoalexins

Cerovic, Paris, May 19, 2015



Plant Biophotonics team

UNIVERSITE

@ SISDG%?IS Plant Ecophysiology Department @logie

. Ecology, Systematics and Evolution Laboratory o \ystématique
srolonsed University Paris-Sud XI - CNRS UMR 8079 €1‘}““°“
Zoran Sylvie Gwendal Kamel Peter Jean-Marc
Cerovic Meyer Latouche Soudani Streb Ducruet

3

—

£
b

b

Thanks to:
Giovanni Agati (Firenze) Aurélie Cartelat (Paris) Jean-Luc Ayral
Erhard Pfundel (Wurzburg) Juliette Louis (Paris) Nicolae Moise
Fermin Morales (Zaragosa) Erwin Dreyer (INRA-Nancy) Naima Ben Ghozlen
Guy Samson (Trois-Riviéres) Yves Goulas (Palaiseau) Marine Le Moigne
Nicolas Tremblay (Montreal) Ismaél Moya (Palaiseau) Sophie Lejealle
Kathrin Burling (Bonn) Eric Serrano (Toulouse) Guillaume
Sébastien Debuisson (CIVIC-Epernay) Masdoumier

g International FORCE-A

X France

©

Cerovic, Paris, May 19, 2015 @



